Europe's doom began in the Crimean peninsula with one of the earliest recorded uses of biological weapons. In 1347 CE, the Mongol army besieged the port of Caffa (today known as Feodosia), then the main Genoese trading post in the Black Sea and an important gateway between Europe and Asia. The plague ravaged the Mongol troops, but before they gave up the siege, they catapulted corpses infected with the plague into the town. Plague broke out in Caffa, and Genoese fl eeing to Italy are said to have started off the infamous Black Death epidemic which spread from Italy across the continent and killed up to half the European population in the years 1348 to 1351.
From that time onwards, recurring waves of plague swept across Europe again and again, each time decimating the populations in the areas affected, and particularly in the cities, where high population density and poor sanitary conditions helped the pandemic along. After nearly four centuries, the pandemic fi zzled out in the 18 th century. The last signifi cant outbreak in Europe began in Marseille in 1720. In breach of the sophisticated quarantine system of this port city based on previous experience with the plague, contaminated goods were brought ashore from a ship that was known to carry the disease, and a devastating and well-documented outbreak followed. The population was heavily decimated, with an estimated death toll of 50,000 in the city and a comparable number in surrounding towns. Yet the well-organised response succeeded in confi ning the epidemic to that area, and the plague's devastating spread stopped there.
Since then, Europe has been spared, even though a new global pandemic emerged from Hong Kong at the end of the 19 th century, spread via shipping routes across the Pacifi c to San Francisco and has taken hold in animal reservoirs in the Western United States as well as in Peru, the Democratic Republic of Congo, and Madagascar, where outbreaks of the disease can occur to this day.
With the help of the genomesequencing techniques specifi cally adapted to cope with highly fragmented and polluted samples of ancient DNA, which also gave us the Neanderthal genome, researchers have in recent years established the evolutionary relations between the causative agents of three major plague pandemics, which were all strains of the bacterium Yersinia pestis. Detailed studies of its biology may also help to save humanity from further apocalyptic scenarios like the ones that have haunted Europe for centuries.
Three deadly pandemics
Until recently, controversy raged over the question of whether the Black Death and the modern plague were actually due to the same pathogen, the bacterium identifi ed in the Hong Kong outbreak and much later named Yersinia pestis after its discoverer Alexandre Yersin (1863 Yersin ( -1943 .
Only in 2011, after the groups of Hendrik Poinar at McMaster University in Hamilton, Ontario, Canada, and Johannes Krause from the University of Tübingen, Germany, sequenced bacterial genomes obtained from the teeth of Black Death victims buried in East Smithfi eld in the city of London, could the controversy be put to rest.
The pathogen that had caused Black Death in London in 1348 was confi rmed to be the very same bacterial species, Yersinia pestis, that is behind the current cases, which can be linked to the 1894 outbreak. Later, Michaela Harbeck from the University of Munich, Germany, and colleagues could also link the
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A plague on mankind
Yersinia pestis, the pathogen that causes plague in humans, has disappeared from Europe, but still thrives in animal reservoirs in several areas around the world, threatening new epidemics. As researchers uncover its evolution and the origins of its pathogenicity, concerns over future risks from drug-resistant and/or weaponised variants also come to the fore. Michael Gross reports.
Last port: The city of Marseille suffered the last major outbreak of the second plague pandemic in Europe in spite of sophisticated quarantine procedures. After heavy casualties, the epidemic was confi ned to this area and died down there. This contemporary engraving is by the artist Michel Serre (1658-1733), who distinguished himself in the city's response to the disaster. (Photo: Robert Valette/Wikipedia.) R220 Current Biology 26, R219-R228, March 21, 2016 ©2016 Elsevier Ltd All rights reserved Samples from human teeth found in Asia and Europe and dated to between 2,800 and 5,000 years ago revealed the widespread occurrence of strains of Yersinia that are ancestors of those that later caused the three pandemics. Large-scale population movements in the Bronze Age may have helped to spread the plague around, or may in turn have been motivated by the disease.
However, at that time, the species did not carry the virulence factor that enables it to survive in the stomach of fl eas, where it forms clots that make the fl eas regurgitate and thus inject large numbers of bacteria into their human victims. Studying 55 genes associated with the virulence of present-day Yersinia pestis, Willerslev's team found that only one was missing in the Bronze Age, namely the Yersinia murine toxin ( ymt) gene, which is normally carried on a plasmid. Flanking the site, the researchers discovered two transposase elements, which strongly suggests that Yersinia acquired the virulence factor by horizontal gene transfer.
Although the researchers concede that additional datapoints will be needed to confi rm the evolutionary history of the pathogen, the available data suggest that the common ancestor of all strains known to date (prehistoric ones to present ones) lived around 5,800 years ago, after splitting from the closely related species Yersinia pseudotuberculosis. It acquired the ymt gene and with it the ability to spread via fl eas between 1686 BCE and 951 BCE. This virulence trait quickly became dominant in the entire population, occurring in 98% of strains dating from after 951 BCE.
Thus, Bronze age Yersinia pestis could have spread ineffi ciently through aerosols from coughing, but not through the vector-borne mechanism that has enabled the Black Death to haunt Europe for nearly four centuries. In the historic pandemics, this mechanism, which causes the bubonic form of the plague, has caused the rapid and unstoppable spread of the disease, while the aerosol infection and the septicaemic plague (through wounds) carried a higher mortality.
The present truce
Considering the death toll of the second pandemic in Europe, it is remarkable that the third one didn't succeed in establishing a foothold on this continent in the decades before antibiotics arrived on the scene and made it possible to rein in any outbreaks.
The third pandemic established animal reservoirs on three continents, namely in the Western half of the US, in parts of South America, and in continental Africa as well as on the island of Madagascar. In these places, small mammals and their fl eas live in equilibrium with the disease, which occasionally crosses the species barrier and causes outbreaks among the human population. The plague thus fi ts in with the group of other zoonoses, such as Ebola and avian infl uenza, that maintain a stable animal reservoir and can threaten to cross over into the human population (Curr. Biol. (2014) 24, R1139-R1141 ). Unlike the zoonoses that passed the Justinian plague (6 th to 8 th century CE) to the same species based on the analysis of 6 th century skeletons retrieved from several sites in Southern Germany (PLoS Pathog. (2013) 9, e1003349) .
From the analyses of ancient bacterial genomes, it is now clear that Yersinia pestis caused three major pandemics, each of which lasted longer than a century. The fi rst began with the Justinian plague in 541 CE, the second with the Black Death in 1348, and the third with the Hong Kong outbreak in 1894. A recent analysis of ancient DNA from across the timespan and geographic range of the second pandemic in Europe showed that a single genotype of Yersinia pestis persisted in Europe throughout the duration of the pandemic, for more than 300 years, a fi nding opposed to the alternative hypothesis that the disease was reintroduced from Asia on several occasions (PLoS ONE (2016) e0145194).
Going back even further in time, the group of Eske Willerslev at the Natural History Museum of Denmark in Copenhagen recently showed that infection with this pathogen was surprisingly common in the Bronze Age (Cell (2015) 163, 571-582).
Fatal fl eas:
The oriental rat fl ea (Xenopsylla cheopis) is the main vector of Yersinia pestis and thus responsible for the bubonic plague. The bacteria accumulate in its digestive system to the extent that they block the valve that prevents fl owback. When the rats die and the fl eas seek out humans as an alternative food source, this mechanism enables the injection of large numbers of bacteria into the human victims. Thus, the present truce between Yersinia and our species depends heavily on the achievements of modern medicine, including antibiotics.
Future risks
The fi nding that Yersinia pestis only acquired the ability to use fl eas as vectors fairly recently raises concerns as to what may happen if it picks up other virulence or resistance traits.
The spread of resistance to existing antibiotics and the shortage of fundamentally new ones becoming available is already a growing global crisis (Curr. Biol. (2013) 23, R1063-R1065). Pathogens with dangerous resistance traits are frequently observed in hospitals, but, due to the excessive use of antibiotics in agriculture, they also occur in the environment. If Yersinia populations in the wild were to pick up effective multidrug-resistance traits, the containment of the disease could become a challenge.
Similarly, if the pathogen could harness new vectors that are more closely linked to humans than those that it uses at the moment, the third pandemic could run out of control. It is with such concerns in mind that researchers study the interactions of Yersinia with insect species like cat fl eas (PLoS Negl. Trop. Dis. (2016) Even if the bacterium doesn't step up the threat all by itself, there is the danger that humans may intentionally make it more dangerous than it already is, in order to use it as a bioweapon. Apart from the crude precedent in the 14th century, plague was also developed as a biological weapon by Japan's 'Unit 731' in World War II (https://en.wikipedia. org/wiki/Unit_731). Japanese planes are alleged to have dropped plagueinfested fl eas over the city of Changde in China, sparking a disease outbreak that is estimated to have caused at least 200,000 deaths.
Even more worrying than the use of fl eas would be the creation of an aerosol carrying the pathogen, which could be dispensed more easily and would cause pneumonic plague, leading to death much more rapidly, thus reducing the chances of treatment. This option has reportedly been investigated during the Cold War by both US and Soviet Union military researchers. However, due to the effective treatment options available with antibiotics, the threat was considered manageable.
Nowadays, as antibiotic-resistance traits are spreading in the wild and technologies are available for anybody to transfer such traits to a bacterial species of interest, one may have to reconsider the threat that weaponised Yersinia pestis may pose. Vaccination options have been investigated, but so far a vaccine that is effective and safe for general use has remained elusive (Infect. Immun. (2007) 75, 878-885 We humans plunder our only home and we damage just about everything. In his new book, Sean B. Carroll, a research biologist who built his reputation by clever experiments with a small fl y, turns his attention to greater matters. He points out that, like the knight in Bergman's Seventh Seal, our species is caught up in a game of chess with death and reminds us that the rules governing this game are the laws of nature. Carroll has two purposes in this book: to provide an entertaining read and to teach us about the interdependence of everything. He dips into his holiday trips and makes rather rushed stories from them through time, space and ideas. In this review, I will give you a taste of where he went and how far he has succeeded in his mission.
Carroll's story starts with a family visit to the Serengeti National Park, and springboards off that to a quick look at ecological principles, to how we are destroying sharks and on to overpopulation, to drug testing, to molecular biology. It is hard to keep up, but we are tugged along, at least for a bit. Then he comes clean and tells us he plans to give us "fresh insight and inspiration: insight into the wonders of life at different scales; inspiration from the stories of exceptional people who tackled great mysteries…whose extraordinary efforts have changed our world for the better."
The fi rst of these exceptional people is Walter Cannon, who early in the 20 th century made many contributions to our understanding of human physiology. Through a potted biography, Carroll wants us to know that Cannon saw clearly how regulation is crucial for the body to work and survive -without
